Abstract-Relationship between pharmacological activities and blood levels of a new anticholinergic agent . as well as excretion, and distribution in the gastro intestinal tract were investigated in cats. The time courses of inhibitory effect of SA-504 on gastric motility were closely related to those of blood levels of SA-504 after intra gastric administration of 3H-labelled compound. Effects of SA-504 on the pupil of the eye, heart rate and blood pressure were much less than its inhibitory effects on gastric motility. The contents of 3H-SA-504 in the gastric wall were extremely high as compared with those in the blood and heart. About 23 % of the radioactivity ad ministered orally as 3H-SA-504 was excreted into the bile and 20% into the urine during a 24 hour period, suggesting that more than 4000 of the dose is absorbed from the alimentary tract of cats within 24 hours.
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Accepted December 18, 1975 Abstract-Relationship between pharmacological activities and blood levels of a new anticholinergic agent (SA-504). as well as excretion, and distribution in the gastro intestinal tract were investigated in cats. The time courses of inhibitory effect of SA-504 on gastric motility were closely related to those of blood levels of SA-504 after intra gastric administration of 3H-labelled compound. Effects of SA-504 on the pupil of the eye, heart rate and blood pressure were much less than its inhibitory effects on gastric motility. The contents of 3H-SA-504 in the gastric wall were extremely high as compared with those in the blood and heart. About 23 % of the radioactivity ad ministered orally as 3H-SA-504 was excreted into the bile and 20% into the urine during a 24 hour period, suggesting that more than 4000 of the dose is absorbed from the alimentary tract of cats within 24 hours.
Timepidium bromide (SA-504) is a potent spasmolytic agent with a low potency of side effects, such as mydriasis and dry mouth (1, 2). It is well known that, in general, anti cholinergic quaternary ammonium compounds are not well absorbed from the gastrointes tinal tract. However, it has been demonstrated that SA-504, a quaternary ammonium drug, produced clear inhibition on the gastric motility of cats when administered into the stomach, although the inhibitory action is obviously weaker than that after i.v. injection (3) . This suggests that a sufficient amount of the drug for reducing the gastric motility is absorbed through the gastrointestinal tract of cats. To confirm the above assumption, relationship between blood levels and pharmacological activities of 3H-SA-504 was studied in cats. The intestinal absorption of 3H-SA-504 estimated by measuring biliary and urinary excretion of radioactivity, and distribution in the gastrointestinal tract were also investigated.
MATERIALS AND METHODS

Synthesis of 3H-SA-504
The synthesis of 3H-SA-504 was carried out by the catalytic hydrogenation of brominated SA-504 with '3H,' gas, as shown in Fig. 1 . Brominated SA-504 (100 mg) was dissolved in 2 ml of 3 °0 KOH-MeOH and hydrogenated in the presence of palladium black (10 mg). The specific activity of the product was 100 ,,iCi/nig and the radiochemical purity was more than 98 % as determined by thin-layer chromatography (TLC). Heparinized blood, in a volume of 0.5-1.0 ml, was withdrawn from the femoral artery The mucosa from each of these portions was removed, by scraping with a scalpel, down to the submucosa (6, 7). The mucosa and the rest of the intestinal wall (muscle layer) were then separately homogenized and the 3H-SA-504 content of each was determined .
Biliary and urinary excretion Cats were fasted overnight and then anesthetized with an i.p. administration of 30 mg` kg of pentobarbital (when chloralose-urethane was used as an anesthetic, cats died within 24 hr). Cannulae of polyethylene tubing were inserted into the common bile duct and into the urinary bladder through the urethra for quantitative collection of bile and urine. After the operation, pentobarbital was infused at a constant rate of 2.5 mg/kg/hr (i.v.) during the experiment. A 2 aqueous solution of 3H-SA-504 was administered directly into the stomach at a dose of 5 mg ,/kg. The bile and urine were collected in fractions during 24 hr. The bile and urine samples were diluted with distilled water to a fixed volume and measured for 3H.
Intact 3H-SA-504 in the bile and urine samples was determined in the same manner as described for blood.
RESULTS
Relationship between pharmacological activities and blood levels Fig. 2 shows the time courses of blood levels of 3H-SA-504, spontaneous motility of the stomach, mydriasis, blood pressure and heart rate after the intragastric administration of 3H-SA-504 to cats. The highest blood level of the unchanged drug was noted at 45 min after the intragastric administration, and thereafter the level of the drug decreased gradually.
Similarly, the inhibitory effect of 3.H-SA-504 on spontaneous motility of the stomach was the greatest (70;" inhibition) at 45 min after the administration, and thereafter decreased gradually. After 180 min, spontaneous motility had almost returned to the normal. These
Fto. 2. Time courses of blood level of SA-504, inhibitory effect on gastric motility, mydriasis, blood pressure and heart rate after oral administration of 3H-SA-504 (5 mg/ kg) to cats. -0-: blood level of SA-504 , -a-: inhibitory effect on gastric motility. Each point indicates the mean-! standard error of 5 animals.
H. TI ,t1IAKI R T. ;11ESHI facts indicate that the time course of blood levels of 3H-SA-504 nearly parallels that of the inhibitory effect on gastric motility. Mydriatic activity of the drug was much less potent and less long-lasting than the inhibitory effect on gastric motility.
Heart rate was increased slightly but no significant effect was observed on the blood pressure.
Distribution of 3H-SA-504 in tissues Table I shows contents of unchanged 3H-SA-504 in various tissues of cats 45 and 180 min after the intragastric administration of 3H-SA-504. The liver, gallbladder, stomach and kidney had remarkably high levels of 3H-SA-504. Moderate levels of 3H-SA-504 were found in the muscle, heart, lung, spleen and pancreas. The levels of 3H-SA-504 in the blood were lower than those in any tissue studied. The levels of 3H-SA-504 in the blood and in most tissues at 180 min were about half the levels at 45 min. In the liver and gallbladder, levels at 180 min were about one fourth those at 45 min. On the contrary, in the kidney, no significant difference was observed between the content of 3H-SA-504 at 45 min and that at 180 min.
Distribution of :'H-S.4-504 in (,astr•oinicstinal tracts
The distribution of 3H-SA-504 in the alimentary tracts of cats 45 and 180 min after the intragastric administration of 3H-SA-504 is shown in Table 2 . At 45 min after the admin istration, a total of 74 of the dose was found in the gastrointestinal tract, with 54 in the gastrointestinal contents, while at 180 min, a total of 60°" of the dose was found in the gastrointestinal tract, with 42%, in the gastrointestinal contents. At 45 min, about 18 of the dose was recovered from the wall of the upper small intestine, and at 180 min, about 16 was recovered from the walls of the upper and middle small intestine, these amounts being almost equally distributed between the mucosa and the outer layers. Percent recovery 
DISCUSSION
In the previous reports, it was demonstrated that SA-504 inhibited the gastrointestinal motility after i.v. or intragastric administration in rats and cats (2, 3) . This effect could be mainly ascribed to the anti muscarinic action of the compound. The present study was carried out to examine the relationship between blood levels and pharmacological activities of SA-504
after the intragastric administration of 3H-SA-504 in the cat. Excretion of the radioactivity from biliary and urinary tracts and distribution of 3H-SA-504 in the gastrointestinal tract were also studied.
The data showed that after the intragastric administration of SA-504 in cats, a strong inhibition of the spontaneous gastric motility occurred almost in parallel with the change in blood levels of 3H-SA-504. Both effects were maximal 45 min after the administration of the compound. These facts indicate that blood levels of SA-504 are closely related to the inhibitory effect on the gastric motility.
Mydriasis and the increment of heart rate caused by anticholinergic effect of SA-504 were also observed at the peak time of blood levels of the drug. But these effects were extremely weak as compared with the inhibitory action on the gastric motility. Such differences in potency between spasmolytic activity and mydriatic activity were also observed with i.v. injections to rats : a dose of SA-504 corresponding to 10 times the ED50 dose for spasmolytic activity on the stomach produced only a slight and temporary dilation of the pupil (2).
It was noticed that the blood levels of 3H-SA-504 were low as compared with tissue levels of the stomach and the other organs. This fact suggests that SA-504 in the blood is easily taken up by the organs.
As mentioned above, the inhibitory effect on the gastric motility and the change in blood levels of SA-504 were closely related. Therefore, it seems reasonable to assume that SA-504 is absorbed from the gastrointestinal tract and then acts on the cholinergic receptors of smooth muscle of the stomach via blood-stream. It was also observed that when 3H-SA 504 is administered directly into the stomach, a large amount of the compound can be found in the gastric wall and more than half the amount in the muscle layer. Thus, the pos sibility remains that the compound acts directly on the cholinergic receptors in the muscle layer through the mucosal surface. In reference to this point, Pentikainen, et al. showed that a considerable amount of radioactivity was incorporated in the gastrointestinal wall after the oral administration of "C-hyoscine-N-butylbromide, a quaternary ammonium compound, so that a local anti-acetylcholine effect can be expected (7) . Furthermore, It is generally recognized that anticholinergic quaternary ammonium compounds are poorly absorbed from the gastrointestinal tract (9) (10) (11) (12) (13) (14) (15) . In the present study with cats, how ever, approx. 43% ; of the radioactivity after the intragastric administration of 3H-SA-504 was recovered from the urine and bile within 24 hr. This fact suggests that more than 40;
of the dose is absorbed from the alimentary tract within 24 hr. Since high radioactivities were found in the bile, urine, liver, gallbladder and kidney, SA-504 is thought to be excreted mainly through the urinary and biliary tracts. 
